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(54) Apparatus tor detecting tiie number of passers 

(57) A plurality of rows (13A, 13B}of sensors In each 
of which a plurality of distance variation measuring sen- 
sors (12) comprising a liglrt emitter (15) and a light 
receiver (1 6) are arranged in the orthogonal direction to 
the direction in which human bodies (8) pass are pro- 
vided on a celling (5). TTie number of passers Is 
detected on the basis of the number of the sensors for 
measuring varialton in distance which have detected a 
human body. The traveGng direction of hunwi bocfies is 
detected on the basis of the change in the distance to 
the human bodies measured by the sensors tor measur- 
ing variation In distance. 
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DascripUon 

BACK GROUND OF THE INVENTION 

FIELD OF THE INVENTION s 

The present Invention relates to an apparatus for 
detecting ttie number of passers which detects the 
number and passing directions of the human bodies 
that have passed the doonw^ or the Ito of a vehicle 
such as train, a building such as exhibition hall, movie 
theater and store, or a room. 

DESCRIPTION OF THE PRIOR ART 

Recent years, for the purpose of controlling envi- 
ronment oontrol equipment such as air conditioner and 
lighting fixture, controlling a crime prevention system, 
and the like purpose, the need has been increasing for 
monitoring the status of the persons being in a room 
and measuring the temperature distribution in the room 
for the detection of the presence and the quantity of 
activity of the persons in the room. Corporations and the 
IDe also have a need tor monitoring the number of the 
persons who have entered or left a room or building. 

Such methods of monitoring include: a method of 
requesting an entry of name and the tike at a reception 
desk for a building or room; a method of counting the 
persons who have entered or left a room or the like with 
a manual counter at the doonvay; and a m^hod of 
counting the persons who have entered or left a room or 
the like by providing a gate or the like which is opened 
and ctosed mechanteally and by letting only one person 
at a time enter or leave the room or the like. 

Counting passers by manual count however, 
causes much trouble and much cost. Tfie method of 
mechanically counting passers entails much cost 
because of the necessity of provkfing large-scale facili- 
ties and, in seme cases, the qaace for the lacaitiee can- 
not be obtEuned. 

On the other hand, a method has been proposed in 
which passers are counted by the detection with sen- 
sors or the liks of the human bodies passing a specific 
area to be monitored, such as a doorway of a building or 
theGkB. 

For example, there is a method of detecting one or 
more moving human bodies by providing a television 
camera atxsve an area to be monitored and by process- 
ing in real time the pictures taken by the camera. 

There are also known a method of detecting the 
passage of human body by optical sensing means such 
as photo-electric switch utilizing light beam, a method of 
detecting the passage of human body by infrared sen- 
sors which detects infrared ratfation enAted lay the 
human body, and the lika 

For example, in Japanese l^-Open Patent Publi- 
cation No. 3-201 1 79 Is disclosed an apparatus in which 
a plurality of optical sensors are arranged in two rows 



crossing a pas^ige. This application discloses a 
method of counting passers on the basis of the number 
of the optical servers which have detected a human 
body, and of detecting the traveling cfirection of one or 
more human bodies on the basis of the chronological 
order of ON/OFF switching of the sensors forming each 
row. 

In Japanese Laid-Open Patent Publication Na 3- 
186998 a method of counting passers on the basis of 
the detection pattern of a plurality of infrared sensors 
ananged in a row crossing a passage is disclosed. 

In Japanese Laki-Open Patent PuUicalions Ma 4- 
95794 and No. 5-81503 are disclosed methods of 
detecting the traveOng directton of one or more human 
bodies on the basis of a chronological order and pattern 
of detection by a plurality of infrared sensors ananged in 
a row extending along a passage. 

BesKles, in Japanese Laid-Open Patent Publica- 
tions No. 3-196286, No. 5-324955, and so on are dis- 
doeed methods of detecting the number and traveling 
directtons of passers by flie delectton of the weight of 
one or more human bodies with so-called ''mat sensor". 
The mat sensor has a matrix of pressure sensors such 
as pressure-sensitive conductive element wNch have 
been incorporated into a floor mat provkJed on a door- 
way, stairs, or the lika 

The above conventional m^tiods of detecting the 
number and traveling directions of passers, however, 
have their respective drawt>acks as follows. 

In the method using a television camera, it is neces- 
sary to use a complex technique in which the pattem 
recognition of the images of one or more human bodes 
from the taken pictures is performed, and the facililies 
for the method are therefore expensive. 

In the case that the optical sensing means are pro- 
vMed on both skies of a passage, it Is dHf kajit to deter- 
mine the number of passers when a piuraGty of persons 
pass while forming a line extending in the direction of 
the width of the passage. Also, in this case, the differ- 
ence in 4ie light sensitivities of tiie light receivers may 
cause interference between adjoining optical sensors. 
In contrast to that, the method disclosed in aforemen- 
tioned Japanese Laid-Open Patent Publication No. 3- 
201 179 emptoys two types of optical sensors using dif- 
ferent frequencies. In this case, however, there is a 
problem that it is difficult to adjust each optical sensor. 

Tlie mettiod using the optical sensing means also 
has a problem that a large traveling speed of a human 
body results in a tow accuracy of detecting the traveling 
direction. For example, flie optical sensor discfosed in 
aforementioned Japanese Laid-Open Patent FWica- 
tion ISkx 3-201 1 79 is simply tumed off when the output 
of flie Dght receiver is below a predetermined level 
which indicates absence of human body, while it is 
turned on when the output is above flie predetermined 
level which indicates presence of hjirnsm body. Accord- 
ingly, a large traveling speed of a human body some- 
times makes it impossible to determine which row of 
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sensors of the two rows has been turned on or off ear- 
lier. 

In the methods using the infrared sensors disclosed 
in aforementioned Japanese Laid-Open Patent Publica- 
tions No. 3-186998. No. 4-95794 and Na 5-81503, mis- 
detection or misjudgment often oc^rs in the cases of 
continuous passage of human bodies across an area to 
be monitored, crossing of passing human bodies, pas- 
sage of a plurality of human bodies moving abreast or 
the Ilka As a result, passers cannot be aocurately 
counted. 

The methods using the mat sensor, disclosed in 
aforementioned Japanese Laid-Open Patent Publica- 
tions No. 3-196286, Na 5-324955, and so on, have a 
durability problem. Because passage of human bodies 
is deeded with the mechanical switching of the pres- 
sure-sensitive conductive elements. 

SUMMARY OF THE INVENTION 

The inventton has been made in consideration of 
the above-mentioned problems of the prbr arts, and it is 
an object of the invention to achieve the detection of the 
numt}er of passers wHh a high accuracy and a high 
degree of reKabaity, with a single an*angement and at a 
low cost. 

In order to resolve the above-mentioned problems, 
the first aspect of the invention provides an apparatus 
for detecting the number of human tiodies passing a 
specific area to be monitDred, the apparatus comprising 
a plurality of distance variation measuring sensors pro- 
vided on a ceiling of the area to be monitored, each sen- 
sor having a light emWer and a light receivBr and each 
sensor being capable of measuring a rate of change rel- 
ative to time in distance to the human bodies; the rows 
of sensors being arranged in a orttragonal direction to a 
direction in which the human bodies pass and spaced 
apart in the direction in whidi the human bodies pass; a 
detection area of each sensor being defined so as to 
extend from the ceiling to a floor in the area to be moni- 
tored, and locus of each sensor being set at a height 
ccn-esponding to a height of the shoulders to head of an 
adult person; whereby the nurri^er of passing human 
bodies is detected on the basis of Ihe number of the 
sensors which have detected the human body in each 
row of sensors; and whereby the traveling direction of 
the human bodies is detected by the comparison 
between a rate of change relative to time In the distance 
to the human bodies measured by a sensor included in 
a row of sensors and a rate of change relative to time In 
the distance to the human bodies measured by a sensor 
included in another row of sensors. 

In accordance with the apparatus for detecting the 
number of passers having such an arrangement, the 
nuni}er of passers is detected on the basis of the 
nuniser of the sensors for measuring variation in dis- 
tance which have detected a human body And the 
traveling direction of one or more human bodies is 



delected on the basis of rat^ of change relative to time 
in the distances to the human bodies measured by sen- 
sors for measuring variation in distance. As a result, the 
number and traveling directions of passers can be 

5 detected with a high accuracy and with a high degree of 
reliabifity TTie intervals between the sensors for meas- 
uring variation in distance which constitute each of the 
rows of sensors are preferably not less than 20 cm and 
not more than 40 cm. 

10 With the intervals between the sensors for measur* 
ing variation in distance set at not less than 20 cm, the 
fight emitted by the light emitter of a distance variation 
measuring sensor and then reflected by a human body 
can be prevented from being incident on tiie light receiv- 

15 ers of the acQoining sensors for measuring variation in 
distanca With the intervals between the sensors for 
measuring variation in distance set at not more than 40 
cm, on the other hand, a human body is not allowed to 
pass through the spaces between the detection areas 

20 without being detected, because the breadth of the 
shoulders of an adult person Is on the order of 40 to 50 
cm. 

The angles which the detection areas of the dis- 
tance variation measuring sensor form with the vertical 

25 direction are preferably made different for each row of 
sensors. With the angles which the detection areas form 
with the verticai direction made (fifierent for each row of 
sensors, the change in the distance to the human bod- 
ies measured t}y the sensors tor measuring variation in 

30 distance can be detected with a fugher accuracy As a 
result, the number and traveling directions of passers 
can be detected with a higher accuracy and with an 
improved reliability. 

The sensors tor measuring variation in distance 

35 which cor^titute the plurality of rows of sensors are 
preferably mounted to one base body With such an 
anangement, the apparatus can be made small in size. 

The second aspect of the invention provides an 
apparatifi for d^ecting the number of human bodies 

40 passing a specific area to be monitored, the apparatus 
comprising a plurality pairs of distance measuring sen- 
sors provided on the both side walls of the area to be 
monitored, each pair of distance measuring sensors 
being provided so as to be opposed to each other, each 

46 distance measuring sensor having a light emitter and a 
light receiver and being capable of measuring the dis- 
tance to the human bodies; the pairs of distance meas^ 
uring sensors forming a plurality of lines spaced apart 
vertically and a plurafity of lines spaced apart in a direc- 

so Hon in which the human bodies pass; wheret)y the 
number of passing human bodies is detected on the 
basis of the distances to the human bodies measured 
by the distance measuring sensors; and whereby the 
traveling direction of the human bodies is detected on 

55 the basis of a chronological order of the detection of the 
human bodies by the distance mea^ring sensors. 

In accordance with the apparatus for detecting the 
number of passers having such an arrangement, the 
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nunto of passers is deteded on the basis of the dis- 
tances to human txxiies measured by the distance 
measuring sensors. And the traveling direction of one or 
more human bodies is detected on the basis of the 
chronological order of the detection of the human bod- 5 
ies by the distance measuring sensors. As a result, the 
number and traveling diredions of passers ran be 
detected with a high accuracy and with a high degree of 
reliability. 

The third aspect of the invention provides an appa- 10 
ratus for detecting the number of human bodies passing 
a specif ic^area to be monitored, the apparatus compris- 
ing a plurality of distance measuring sensors, each dis- 
tance measuring sensor having a light emitter and a 
light receiver and being capable of measuring the die- 75 
tance to the human bodies; each distance measuring 
sensor t>eing mounted to one given location on a ceiling 
of the area to be monitored so that detection area of the 
distance measuring sensor extends at a downward 
angle to the horizontal direction; the detection areas of 20 
the distance measuring sensois being oriented at a dif- 
ferent angle with a direction in which the human bodies 
pass from each other so that the plurality of detection 
areas represent a sector spread along a orthogonal 
direction to the direcbon in which the human bodies ss 
pass; whereby the number of passing human bodies Is 
detected on the basis of the number of the dtelance 
measuring sensors which have detected a human body; 
and whereby the traveling direction of the human bodies 
is detected on the basis of the distance to the human 30 
bodies measured by the distance measuring sensors. 

In accordance with the apparatus for detecting the 
number of passers having such an arrangement, the 
number of passers is detected on the basis of the 
number of the distance measuring sensors whidi have 35 
delected a human body. And the traveGng direction of 
one or more human bodies is detected on the ba^'s of 
the change relative to time in the distance to the human 
bocSee measured by the distance measuring sensors. 
As a result, the number and traveling directions of pas- 40 
sers can be detected with a high accuracy and witii a 
high degree of reliability. 

In this case also, with the arrangement In which the 
plurality of distance measuring sensors are mounted 
together to one base body, the apparatus can be made 4S 
small in size and can be simplified. 

There also be provided driving means which 
rotates the base body to which the pluraDty of distance 
measuring sensors are mounted redprocately and con- 
tinuously about a vertical axis. With such driving means so 
provided, the plurality of detection areas which repre- 
sents a sector can rotate reciprocalely continuously in 
the orthogonal directions to the directions in which the 
human bodies pass. As a result, the whole part of the 
area to be monitored extending in the orthogonal direc- ss 
tions to the directions in which the human bodies pass 
can be monitored wen in the case that the overall area 
where the detection areas are simultaneously defined is 



relatively naiTow. 

The width of the detection area of each distance 
measuring sensor at a height corresponding to the 
height of the shouUerB to head of an adult person is 
preferably not more than 40 cm. WHh the width of the 
detection area of the cSstance measuring sensor set as 
mentioned above, each distance measuring sensor is 
capable of detecting one human body reliably, while one 
distance measuring sensor mn be prevented from 
detecting two human bodies simultaneously 

In addition, the apparatus preferably further com- 
prises means for Judging that one or more human bod- 
ies have passed when two or more distance measur^g 
sensors have detected any human bodies. In this case, 
the detection of one or more human bodies can be done 
with a higher accuracy 

The plurality of sensors for measuring variation in 
cEstance or the plurality of ditiance measuring sensors 
may be actuated sequentially in a predetermined order 
and at predetermined time inten/als. in this case, the ray 
emitted from the light emitter of a distance variation 
measuring sensor or distance measuring sensor and 
then reflected by a human body is prevented from being 
Incident on the Dght receivers of the adjoining sensors 
tor measuring variation in distance or the Sloe without 
being incident on the light receiver of the original dis- 
tance variation measuring sensor or the lite. 

Ihe fourth aspect of the invention provides an 
apparatus Ibr detecting the numt)er of human bodies 
passing a specific area to be monrtored, the apparatus 
oontprising a plurality of infrared servers each having a 
plurality of elements for detecting infrared radiation and 
a pair of distance measuring sensors which have a light 
emitter and a light receiver and which are capable of 
measuring the distance to the human bodies; the infra- 
red sensors beirm mounted to a Gsiiing of the area to be 
monitored and disposed along a orthogonal direction to 
a traveling direction of the human bodies, each Infrared 
sensor mounted so that the elements are di^xysed 
along the traveling direction of the human bodies; the 
pair of distance measuring sensors tjeing mounted to 
Iwth sides walls of the area to be monitored, so as to be 
opposed to each other; whereby the number of passing 
human bodies is detected on the basis of the distances 
to the human txxlies measured by the distance measur- 
ing sensors; and whereby the traveling direcbon of the 
human bodies is detected on the basis of a chronologi- 
cal order of the detectton of the human txxlies by the 
elemerrts in each inlirared sensor. 

In accordance with the apparatus Ibr delecting the 
number of passers having such an arrangement, the 
number of passers is detected on the basis of the dis- 
tances to human bodies measured by the distance 
measuring sensors and the traveling direction of one or 
more human bodies is detected on the basis of the 
change in the outputs of the plurality of devices provided 
In the Infrared sensors. As a result, the number and 
traveling directions of passers can be detected with a 
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high accuracy and with a high degree of reliability. 

TTie width of the detection area of each infrared 
sensor and the spacing between the detection areas at 
a height corresponding to the height off the shoulders to 
head of an adult person are preferably not more than 40 s 
cm. With the width of the detection areas set in the 
above range, each Infrared sensor is capable of delect- 
ing one human body refiably, while one infrared sensor 
can be prevented from detecting two human bodies 
simuHaneously. WHh the width of the detection areas set io 
in the above range, additionally, a human body is not 
allowed to pass through the spaces between the detec- 
tion areas without being detected, so that the passage 
off one or more huntan bodies is reliably detected. 

Preferably the apparatus further comprises means is 
for ^culating a reference value by averaging the out- 
puts of the infrared sensors in the state vrithout human 
body and upper and lower threshold values deviating 
from the reference value by a predetermined value; and 
means for judging that one or more human bodies have 20 
been detected when the outputs off one or more of the 
devices in each infrared sensor are not lower than the 
upper threshold value or not higher than the lower 
threshold value. With the reference values for the judg- 
ment on the detection of human body ranging over a 25 
width, misdelectton of human body is prevented and the 
traveling directions off human bodies can be detected 
with a higher accuracy 

TTie means for judging, preferably, holds the refer- 
ence value and the upper and lower threshold values so 
vkrhen one or more human bodies are detected, and 
updates the reference value and the upper and lower 
threshold values when no human t)odie6 are detected. 
When the reference value and the upper and lower 
threshold values are updated in the case that one or ss 
more human bodies are detected, the accuracy off 
detecting human bodies decreases because the tem- 
peratures of a human body and of the background are 
different in general. Accordingly, the decrease in the 
accuracy of detecting human bodies can be prevented 40 
by maintaining the reference value and the like without 
updating them whOe the detectton of one or more 
human bodies is affirmed. 

The traveling direction of one or more human bod- 
ies is preferably detected in the case that three devices 4b 
have consecutively delected any human bodies. 

BRIEF DESCRIPTION OF THE DRAWINGS 

These and other ot)|ecl and features of the present bo 
invention will become dear from the following descrip- 
tion taken in conjunction with the preferred embodiment 
thereof with retorence to the accompanying drawings 
throughout which like parts are designated by Oke refer- 
ence numerals, and in which: ss 

Rg. 1 is a schematic elevation view iliustrating an 
apparatus for detecHng the number of passers of a 



first embocfiment; 

Fig. 2A a schematic dde view of the apparatus off 
Fig.1; 

Rg. 2B to a schematic plan view off the apparatus off 
Rg.i: 

Rg. 3 is a schematic representation illustrating a 
sensor for measuring variatkm off distance; 
Rg. 4 a flow chart for ecpbining the operation off 
the first embodiment; 

Rg. 5 is a diagram Illustrating a change In the out- 
puts of the light receiver of a sensor lor measuring 
variation off distance; 

Rg. 6 is a flow dwt illustrating the processes in a 
step S8 of Fig. 4; 

Rg. 7A is a schematic side view illustrating an 
apparatus for detecting the number of passers off a 
second embodiment; 

Rg. 7B is a schematic plan view illustrating the 
apparatus for detecting the number of passers off 
the second emIxxiimerTt; 

Rg. 8 Is a schematte elevation view iHustrating an 
apparatus for detecting the nunfoer of passers off a 
third emtxxiiment; 

Rg. 9A is a schematic sUe view of the apparatus of 
Rg.8 

Rg. 9B Is a schematic plan view of the apparatus off 
Rg.8; 

Rg. 10 is a flow chart for explaining the operation off 
the third emtxxliment; 

Rg. 1 1 is a ftow chart for explaining the determina- 
tfon of traveling direction (step S129) In the third 
eml)odi merit; 

Rg. 12 is a fbw chart for explaining the determina- 
tion of the number off passers (step S130) bi the 
third embodiment; 

Rg. 13 is a schematic elevation view Dustrating an 
apparatus for detecting the number of passers off a 
fourth enfoodiment; 

Rg. 14A is a schematic tide view off tiie apparatus 

ofRg. 11; 

Rg. 1 48 is a schematic plan view of the apparatus 
OfRg. 11; 

Rg. 15 is a flow diart lor exptaining the operation of 
a fifth embodiment; 

Rg. 16A is a schematic side view ilhistraling a sbdh 
embodiment 

Rg. 16B is a schematic plan view illustrating the 
sixth embodiment; 

Rg. 1 7 is a schematic representation illustrating ori- 
entations in which distance measuring sensors are 
mounted; 

Rg. 18 is a flow chart for explaining ttie determina- 
tion of the number of passers In the dxth embodi- 
ment; 

Fig. 19A is a schematic side view illustrating a sev- 
enth embodiment 

Rg. 19B is a schematic plan view Dlustrating flie 
seventh embodiment: 
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Rg. 20A is a 8Chenf^c plan view IDustFating the 
state in which angle position 93 is zero degree 
Rg. 20B is a schematic plan view iDustrating the 
state in which angle position 03 is 40 degrees; 
Rg. 21 is a flow chart for axplaining the determina- 5 
tion of Ihe number of passers in the seventh 
embodiment; 

Rg. 22 is a schematic representation for e3(plaining 
the principle of the determination of Ihe numt)er of 
passers in the seventh embodiment 
Rg. 23 is a scherratic elevation view illustrating an 
apparahjs for detecting the numtser of passers of a 
ninth embodiment; 

Rg. 24A is a schematic side view of the apparatus 
of Rg. 23; 75 
Rg. 24B is a schematic plan view of the apparatus 
of Rg. 23; 

Rg. 25 is a schematic representation illustrating the 
structure of an infrared sensor; 
Rg. 26A is a flow chart for explaining ihe operation 20 
of the ninth embodiment; 

Rg. 26B is a flow chart for eiqslaining the operation 
of the ninth embodiment; 

Rg. 27 is a flow chart for explaining the processes 
inastepS87of Rg.26B; ^ 
Rg. 26 is a schematic representation illustrating 
examplee in which traveling direction can be 
detected in a step S92 of Rg. 26B; and 
Rg. 29 is a schematic representation DIustrating an 
example of the infrared sensor for ttie determaia- so 
tion of the number of passers in a stop S93 of f^. 
26. 

DETAII^D DESCRIPTION OF THE PREFERRED 
EMBODIMENT 35 

Hereinafter, some emtxxliments of the invention 
will be described referring to the appended drawings. 

FIRST EMBODIMEINTT 40 

Rgs. 1 to 3 Olifttrate a first embodlmM of the 
invention. 

An apparatus for detecting the number of passers in 
accordance with the embodiment detects the number 4S 
and traveling directions of human bodies 8 passing a 
specific area 2 to be mortitored in a passage 1 such as 
an area In the vicinity of a doorway. TTie width W of the 
passage 1 is 21 0 cm, and the heigfitH from a floor 4 up 
to a ceiling 5 is 220 cm. With regard to the traveling so 
directions of human bodies 8, ttie direction designated 
by an arrow A1 in Rg. 2 will be assumed to t)e the enter- 
ing directloa and the direction designated by an arrow 
A2 will be assumed to be the leaving direction. 

Two long, rectangular base bodies 1QA. 10B ^ 
extending in a direction generally orthogonal to tiie 
directions in which human bodies 8 pass (i.e., in the 
direction of the widtti of the passage 1} are mounted to 



the ceiling 5 of Ihe pas»ge 1. The base bodies 10A. 
10B are parallel to each oUner and spaced apart at a 
given interval in the traveling directions of human bodies 
8 C-e., in the direction in which the passage 1 extends). 
Ten distance variation measuring sensors 12 are 
mounted to the bottom surface of each of the base bod- 
ies 1 0A. 1 0B at uniform intennis along the direction of 
flie width of the passage 1 . Hereinafter, the distance 
variation measuring sensors 12 which are mounted to 
the base body 10A will be referred to as a first row 13A 
of sensors, while the distance variation measuring sen- 
sors 12 which are mounted to the base body 1 0B will be 
retted to as a second row 1 3 B of sensors. 

As shown in Rg. 3, each sensor 12 comprises a 
light emitter 15 tor emitting near-infrared ray and a light 
receiver 1 6 for receiving the near-infrared ray whi^ has 
been reflected by a human body 8. Each sensor 12 is 
connected to display means 21 via a signal processing 
drcurt 19 and via judging means 20. The signal 
processing arcuit 19 converts the output signals of tiie 
light receiver 16, from analogue signals into digital sig- 
nals. TTie judging means 20 calculates a rate of change 
relative to time in the distance from the sensor to a 
human body 8, from the digital signals. The judging 
means 20 also decides the number, travding directions 
and the like of passers on tiie basis of the rate. The dis- 
play means 21 dsplays the calculation results given by 
the judging means 20. Memory means 22 is connected 
to the judging means 20 and to tiie display means 21 . 
The light beam emitted Isy the l^ht emitter 15 is not Bm- 
ited to near-infrared rey, but nr»y be of a different fre- 
quency region. 

Each sensor 12 is mounted to flie base body 10A or 
1 0B so that a detection area 1 7 is defined from Uie ceil- 
ing 5 toward the floor 4. In the detection area 17, the 
near-inhared ray emitted by the Dght emIttBr 15 and flien 
reflected by a human body is incident on the light 
receiver 16. As the result of that ,the passage of a 
human body 8 can be detected. The d^ecGon sensitiv- 
ity of each sensor 12. i.e., tiie focus of each sensor is 
set so that the shoulders to head of an adult person 
standing right under the sensor 12 can be deeded. 

Tiie intonml D between adjoining sensors 12 which 
are included in the same row 13A, 13B of sensors is set 
at 20 cm However, the Interval D is not limited to 20 cm 
but may be set witiiin the range not less tiian ^ cm and 
notmoretiian40cm.The interval Die set not less Uian 
20 cm so that tiie near-infrared ray emitted from the light 
emitter 15 of a sensor 1 2 and tiien reflected by a human 
body 8 is prevented from being incident on tiie light 
receivers 16 of the sensors 12 adjoining flie original 
sensor 12 along the direction of tiie width of the pas- 
sage without being incident on the Dght receiver 16 of 
tiie original sensor 12. The interval D is set not more 
than 40 cm because tiie interval D larger than 40 cm 
may aDow a human txxiy 8 to pass ttvough a space 
between adjoining detection areas 17 witiiout being 
detected, for the breadtii of the shoulders of an adult 
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pefson is typically on the order of 40 to 50 cm. 

Referring to Hg. 4, the operation ol the first emtxxl- 
iment will be described. 

in a step SI, each distance variation measuring 
sensor 12 is actuated. In a step S2, a flag F1 Is set at 
the initial value *X)." 

In a step S3, tha output signals from each sensor 
12 are read into the signal processing circuit 19. In a 
step S4, a rate of change relative to time in the distance 
is calculated and stored in the memory means 22. As 
shown in Rg. S, a rate of change relative to time in the 
distance Is a gradient of curves 11,12 plotted whti the 
outputs of the light receiver 16 as ordinates and with 
time as at^sdssas. The curve 11 shows outputs of a 
sensor 1 2 in the first row 13A of sensors, and the curve 
12 shows outputs of the sensor in the second row 13B 
of which the position in the width of the passage corre- 
sponds to that of the sensor 12 in the row ISA. I=6r 
example, the rates of change relative to time In the dis- 
tance at time tl are obtained as the gradients of tan- 
gents g1, g2 passing through points on the curves 11, 
12. 

In a step S7, the traveOng direction of human body 
is determined. 

More specifically, in the case that the rate of change 
relative to time in the dstance is above a predetermined 
value, it is fudged that one or more human bodies have 
been delected. On the other hand, in the case that the 
rate of change relative to time in the distance is below 
the predetOTTiined value, it is judged that no human 
bodies have been detected. The memory means 22 
stores the information on the identification of the sen- 
sors 12 which have detected a hunmn body and on the 
point 'm time when the detection has been done. 

When the detection of one or more human bodies is 
not detected In the step S5, a step 6 Is executed. In the 
step S6, whether the flag F1 is "0" or not is judged As 
mentioned above, the flag F1 was at the initial value "0" 
when the apparatus we» actuated; the operation there- 
fore goes back from the step S6 to the step S3. After 
that, the processes from the step S3 to the step S6 are 
rq^eated until any human bodies 8 are detected. 

When the detection of one or more human toadies is 
detected in the step S5, a step S10 is executed In the 
step S10, whether the flag F1 is "0" or not is judged. In 
the case ttiat any human bodies 8 have been detected 
for the first time in this cyde. a step S11 is executed 
because the flag F1 Is at the initial value "0** as men- 
tioned above. After the flag F1 is set at 'r in the step 
S1 1 , the operation goes back to the step S3. After that, 
the processes of the steps S3, S4. S5. and S10 are 
repeated as long as the human bodies are detected in 
the step S5. 

When the human bodies 8 have completely passed 
away, it is judged in the step S5 that no human bodies 
are detected, and the step S6 is executed. When the 
human bodies passed away, the flag F1 has already set 
at T. TTius the operation goes from step S6 to the step 



37. 

In the step S7, the traveling direction of the human 
bocfies is decided on the basis of the rate of change rel- 
ative to time in the distance calculated in the step S4. 

6 At the point tl in time In Rg. 5, the beginning of the 
increase in the outputs of the light receiver 16, which 
outputs had been generally constant, indicates that one 
or more human bodies 8 have been p^ng through. 
Beskles, the rate of change relative to time in the out- 

10 putsof asensor 12 in the first row 13A of sensors, which 
rate is represented by the tangent g1 , is larger than the 
rate of a sensor 1 2 in the second row 13B of sensors, 
which rate is represented by the tangent This incG- 
cates that the sensor 12 in the first row 1 3A of sensors 

75 has detected the human body earlier than the sensor 1 2 
in the second row 13B. In the case of Fig. 5, it is there- 
fore judged that the human body 8 has moved in the 
entering direction designated by the anw A1 . 
In a step Sd, the numt^er of passers is decided. 

20 More specifically, the processes shown in Fig. 6 are 
eKscuted on each of the rows ISA, 13B of sensors. In a 
step SI 5, the number a of the sensors 12 which have 
detected tiie passage of human body are counted out of 
ten sensors 12 In each row 13A. 13B of sensors. When 

25 the number a is judged to be not less than ten in a step 
SI 6, the number of passers is determined as five in a 
step S21; when a is Judged to be less than ten, a step 
S1 7 is executed. When the number a is judged to be not 
less than eight in the step SI 7, the number of passers is 

30 determined as four in a step S22; when a is judged to 
be less than eight a step S18 s executed. When the 
number a is judged to be not less than six in tiie step 
SI 8, the number of passers Is detennlned as three In a 
step S23; when a is judged to be less ttuin six, a step 

35 S1 9 is executed. When Uie number a is judged to be not 
less than four in the step S19. the number of passere is 
detemnined as two in a step S24; when a is judged to be 
less than four, a step S20 is exeaited. When the 
number a is judged to be not less than two in the step 

40 S20, the number of passers is determined as one in a 
step S25; when a is judged to be less than twa it is 
judged in a step S26 that no human bodies have 
passed. 

Subsequentiy, the numbers of passers which have 
45 been decided for each row 13A, 13B of sensors by the 
processes in Rg. 8 are compared with each other. Then 
the smaller number is stored as the number of passers 
in the memory means 22. 

In a step S9 in Rg. 4. the display means 21 cfisplays 
so the number and traveling direction of passers which 
have been stored in the memory means 22. 

In tiie embodiment, as mentioned above, Uie dis- 
tance variation measuring sensors 12 each comprising 
the light emitter 15 and the light receiver 16 are dis- 
ss posed at uniform intervals on the ceiling 5 of the pas- 
sage 1 in a plurality of rows. The traveling directton erf 
one or more human txxlies 8 Is detected on the basis of 
rates of change relative to time In tiie distance to tiie 
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human bocfiee 8, while ihe number of paseers 
detected on the basis of the number a of the sensors 1 2 
which have detected a human body. As a result the 
number and travefing cfirecGons of human bodies pass- 
ing Ihe specHIc area 2 can be detected with a high aocu- 5 
racy and with a high degree of reliabitity. 

In adfition, Ihe distance varration measuring sensor 
12 comprising the light entitter 1 5 and the light receiver 
16 can be small in size and can be produced at a low 
cost 

SECOND EMBODIMENT 

Fig. 7 IDustrales a second enribodiment of the Inven- 
tion. 

A bng, rectangular base body 25 extending in the 
direction of the width of a passage 1 is mounted on the 
ceiling 5. On the bottom surface of the base body 25 are 
provided three raws 26A, 266. and 26C of sensors. 
Each of the rows comprises ten distance variation 
measuring sensors 12 arranged at uniform inten/als d. 

The sensors 12 constituting the rows 26A to 26C of 
sensors are mounted to the base body 25 so that detec- 
tion areas 27a, 27b, and 27c are defined from the ceil- 
ing 5 toward a floor 4. The orientations in which the 
sensors 1 2 are mounted are different tbr each row 26A, 
26B, 26C of sensors. TTius the angles which the detec- 
tion areas 27a to 27c form with the vertical direction are 
different for each row 26A, 26B, 260 of sensors. 

The sensors 12 constituting the center row 26B of 
sensors are mounted to the bsse body 25 so that the 
detection areas 27b are defined in the downward orien- 
tation generally along the vertical dtetiSon. The sensors 
12 in the row 26A of sensors on the left side of Rg. 7A 
are mounted to the base body 25 so that Ihe detection 
areas 27a point to the left of the downward orientation 
atong the vertical direction Qn a direction containing the 
leaving direction). The sensors 12 In the row 260 of 
sensors on the right side of Fig. 7A are mounted to the 
base body 25 so that the detection areas 27c point to 
the right of the downward orientation along Ihe plumb 
line (in a direction containing the entering direction). 

The other arrangements of the second embodiment 
are the same as the first embodiment 

For example, the focuses of the sensors 1 2 consti- 
tuting the rows 26 A to 260 of sensors are set so that the 
shoulders to head of a human body 8 of an adult person 
standing right under a sensor 12 can be detected, in the 
same way as the first embodiment The interval D 
between acQoining sensors 12 is set a! 20 cm. In the 
same way as the first embodiment 

The operation of the second embodiment will be 
described below. 

The operation of the second embodiment is the 
same as that of the first embodiment except for the step 
87 and step 88 in the flow chart of Fig. 4. The step 87 
is for determining the traveling direction of human body 
TTie step 88 is for determining the number of passer& 



TTie traveling direction of human body is decision 
on the basis of rates of change relative to time in the 
outputs of distance variation measuring sensors 12 
induded in the left and right rows 26A, 260 of sensors. 

In the case that two conditions are satisfied, it Is 
judged that the human body 8 has moved in the direc- 
tion designated by the antiw A1 the enterir^ direc- 
tion). One of the conditicns is tf^ Ihe rates of change 
relative to time In distance calculated from the output 
signals ofsensors 12 Included in the left row 26A of sen- 
sors are minus, which indicates that the human body 8 
Is moving In such a direction that the body approaches 
the row 26A of sensors. TTie other of the conditions is 
that the rates of change relative to time in distance cal- 
culated from the output signals of sensors 12 included 
in the right row 260 of sensors are plus, whidi indicates 
that the human body 8 is moving in such a direction that 
the body goes away from the row 260 of sensors. 

On the contrary, in the case that other two condition 
is satisfied, it is judged ttat the human body 8 has 
moved in the direction designated by the an^ow A2 (In 
the leaving direction). One of the conditions is that the 
rates of change relative to time in distance calculated 
from the output signals of sensors 12 induded In the 
row 260 of sensors on the right side of Fig. 6 are minus. 
The other of the conditions is that the rates of change 
relative to time in distance calculated from the output 
signals of sensors 1 2 induded in the raw 26A of sensors 
on the left side are plus. 

In the detection of the number of passers, the proc- 
esses shown in Rg. 6 are executed for eadi of the rows 
26A to 260 of sensors. Then the smallest of the num- 
bers of passars which have been dedded by each of the 
rows 26A to 260 of sensors is stored as the number of 
passers in memory means 22. 

In the second erhbodiment, the detection areas 
27a, 27cof the distance variation measuring sensors 12 
constituting the left and right rows 26A. 260 are Indlned 
relative to the vertical direction. As a result, a change in 
the distance to a human body 8 can be reliably detected 
and the traveling direction of a human txxly 8 can be 
detected with a higher accuracy and with a high degree 
of reliability. 

In addition, ihe number of passers can be detected 
with a higher degree of reliability and with a high accu- 
racy even in the case that a plurality of human bodies 
pass abreast or even in the ^e that human bodies 
pass continuously, because three rows 26A to 260 of 
sensors are provided. 

Furthermore, the apparatus can be slmpRfied and 
can be made small in size because all the sensors 12 
constituting the three rows 26A to 260 of sensors are 
mounted to one base body 25. 

THIRD EMBODIMENT 

Figs. 8, 9A and 98 Hustrate a third embodiment of 
the Invention. 
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In the third embodiinent. distance meaeun'ng een- 
601S 14 are mounted to side walls 6, 7 on the left and 
right sides of a passage 1 so as to be opposed to each 
other. A detection area 28 of each distance noeasur^g 
sensor 14 horizontally extends across the passage 1. 5 
More specSically, four pairs of cfistance measuring sen- 
sors 14 which oppose to horizontally are provided. TTia 
pairs of sensors form two lines with respect to the direc- 
tion along the vertical direction and form two lines with 
respect to the directions In which human bodies 8 pass. 10 
Therefore, the total number of the distance measuring 
sensors 14 is eight The pairs of distance measuring 
sensors 14 whi^ form the upper rows are pn>vided at a 
height corresponding to the shoulder position of an 
adult person. The pairs of distance measuring sensors 75 
14 which form the lower rows are provided at a height 
oon'esponding to the waist position of an adult person, 
in the following description, the set of four distance 
measuring sensors 14 which form the two rows situated 
toward the front with respect to the leaving direction will 20 
be relented to as a first set 29A. On the other hand, the 
set of four distance measuring sensors 14 which form 
the two rows situated toward the front with respect to the 
entering direction will be referred to as a second set 
29B. 25 

Each distance measuring sensors 14 comprises a 
light emitt^ 15 and a light receiver 16, in the same way 
as the distance variation measuring sensor 12. TTie out- 
puts of the light receiver 15 are inputted into judging 
means 20 via a signal processing circuit 19. TTie judging so 
means calculates the distance to the distance measur- 
ing sensor on the basis of the inputted signals. 

RefMng to Fig. 10, the operation of the tfrird 
embodiment will be descn'bed. 

In a step S121 , each distance measuring sensor 14 as 
is actuated. In a step S122, the output sQnals of each 
distance measuring sensor 14 in the state without 
human body are read Into the signal processing circuit 
19 and converted into (Sgital signals. In a step S123, the 
distance in the state without human body is calculated 40 
from the output signals and the value of the distance is 
stored in the memory means 22. 

In a step S124, a flag F2 is set at the Initial value 
''O." In a ^ep S125, the output signals of eadi distance 
measuring sensor 14 are read into the signal process- 4s 
ing circuit 19. In a step SI 26, the distance is calculated, 
and the values of the distance and time which have 
been calculated are stored in the memory means 22. In 
a step SI 27, whether any human bodies are detected or 
not is judged by the comparison between the distance in so 
the state without human body calculated in the step 
3123 and the distance calculated in the step 3126. 
More specifically, in the case that the distance calcu- 
lated in the step 31 26 is smaller than the distance in the 
state without human body calculated in the step 8123 ss 
by not less than a predetemiined value for any of the 
distance measuring sensors 14. it is judged that a 
human body 8 have been detected. The memory means 



22 stores the information on the identrfication of the dis- 
tance measuring sensors 14 which have detected a 
human body and on the point in time when the detection 
was done. 

When it is Judged that no human bodies have been 
detected in the step 127, a step 128 is executed. In the 
case that the flag is -0" in the step S128, the opera- 
lion goes back to the step S125. 

When it is judged that one or more human bodies 
have been detected in the step 127. a step 1^ is gxb- 
cuted. In the case that the flag F2 is "0" in the step 
S132, the flag F2 is set at in a step S133 and the 
operation then goes back to the step 31 25. 

In a step SI 29, the traveling direction of one or 
more human bodies 8 is determined. 

The traveling direction of a human body is deter- 
mined as follows. 

In a step S215 of Rg. 11, it is judged whether the 
distance measuring sensor 14 which has detected the 
human body first is included in the first set 29A or not In 
the case that the sensor 14 is Included In the first set 
29A, a step 8216 is executed. In the case that the sen- 
sor 14 is not included in thef irst set 29A, a step S217 is 
executed. 

In the step ^16, it is judged whether the distance 
measuring sensor 14 which has detected the human 
body last is included in the second set 29B or not In the 
case that the sensor 14 is included in the second set 
29B, a step S221 is executed and it Is judged that the 
human body has moved in the entering direction (in the 
direction designated by the an^ow Al). On the other 
hand, in the case that the sensor 14 is not included in 
the second set 298, a step S219 Is executed and It is 
judged that the trBvellng direction cannot be deter- 
mined. 

In the case that the distance measuring sensor 14 
which has detected the human bocty first is not included 
in the first set 29A in the step S215. the step 8217 is 
executed. In the st^ 3217 it is judged whether the dis- 
tance mes^ring sensor 14 which has detected the 
human body first is included in the second set 298 or 
not. In the case that the sermr 14 is included in the sec- 
ond set 29B in the step 8217. a step 8218 is executed. 
On the other hand, in the case that the sensor 14 is not 
included In the second set 298 In step S217. the step 
8219 Is executed. 

In the step S218, it is judged whether the distance 
mea^ring sensor 14 which has detected the human 
body last is included in the first set 29A or not In the 
case that, the sensor 14 is included in the first set 29A 
in the step 3218, a step S220 is executed and it is 
judged that the traveling direction is the leaving direction 
(the direction d^gnated by the arrow A2). In the case 
that the sensor 14 is not included in the first set 29A in 
the step 8218, the step 8219 is executed. 

tn the third embodiment, the traveling direction of a 
human body is thus detected on the basis of the chron- 
ological order of the detection of the human body by the 
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distance measuring sensors 14 arranged along the 
traveling directions of human bodies. As a result, the 
traveling directions of human bodies can be detected 
wW) a high accuracy and with a high degree of reliabifit/. 

In a step S1 30, the number of passers is decided. 

In the step S130, the processes shown in Rg. 12 
are exeoited for each of the first set 29A and the sec- 
ond set 29B. 

In a stsp S^5 of Rg. 12, the distance LI from the 
side wall 6 on the left side of the passage 1 to one or 
more human bodies 8 is calculated on the basis of the 
output signals of a distance measuring sensor 1 4 in the 
upper fine which has been mounted to the side wall 6 on 
the left side of Rg. 7. In a stsp 8226. the distance 12 
from the side wall 7 on the nght side of the passage 1 to 
the right end of the human bodies 8 is calculated on the 
basis of the output signals of a distance measuring sen- 
sor 14 in the upper line which has been mounted to the 
side wall 7 on the right side. In a step S227, the width M 
of the human bodies is calculated by following equation. 

MoW-L1-L2 

When the width M of the human bodies is Judged to 
be not less than 200 cm in a st^ ^28, the number of 
passers is determined as five in a stsp 8233 because 
the breadth of the shoulders of an adult person is typi- 
cally on the order of 40 to 50 cm. When M is judged to 
be less than 200 cm in the step S228, a step 8229 Is 
executed. After that similarly, it is judged wh^er the 
widh M of the human bodies Is not less than 160. 120. 
80, or 40 cm in steps S229 to 8232. and the number of 
passers Is determined on the basis of the result of the 
judgment In steps 8234 Id 8238. 

Subsequently, the numbers of passers which have 
been decided on the basis of the output signals of the 
distance measuring sensors 14 of the first set 29A and 
of the second set 29B are compared with each other. 
When the numbers do not coincide with each other, the 
smaller number of passers is stored in the memory 
means 22. 

In the third embodiment, as mentioned above, the 
number of passers can be detected t)y the measure- 
ment of the distances from the side walls 6, 7 to human 
bodies 8. As a result the number and traveling direc- 
tions of passing human bodies can be detected with a 
high accuracy and with a high degree of refiabiiity even 
for human bodies forming a line laterally and for human 
bodies passing continuously. 

In a step 81 31 in Fig. 1 0, the display means 21 dis- 
plays the traveling directions of human bodies 8 and the 
number of pass&e. 

FOURTH EMBODIMEf^ 

Rgs. 13 and 14 illustrate a fourth embodiment of 
the invention. 

The fourth embodiment is the same as the third 



embodiment except tlutt six pairs of distance measuring 
sensors 14 which opposed horizontally are provided. 
The pairs of distance measuring sensors form three 
lines with respect to the diredion of height and form two 

5 lines with respect to the directions in whidi human bod- 
ies 8 pass. The number of the distance measuring sen- 
sors 14 amounts to twelve. 

The distance measuring sensors 14 of the upper 
lines are mounted at a height con^esponding to the head 

10 position of an aduK person. The distance measuring 
sensors 14 of the middle fines are mounted at a height 
corresponding to the chest position of an aduH person. 
TTie distance measuring sensors 14 of the tower lines 
are mounted at a height corresponcfing to the thighs 

75 position of an adult perGon. 

With the arrangement of the fourth embodiment, 
even a short human body such as child designated by 
the reference numeral 8' in Rg. 13 can be reliably 
detected by the distance measuring sensors 14 of the 

20 lower fines. 

FIFTH EMBODIMENT 

Hie oonstructksn of a fifth embodiment .such as the 

25 arrangement of distance variatton measuring sensors 
12. is the same as the first embodiment shown in Hgs. 
1 and 2. The operation of the frfth embodiment is the 
same as the first embodiment except for the way of 
reading the output signals of sensors 12 in the step 83 

30 ofRg. 4 

In the fifth embodiment all the distance variation 
measuring sensors 12 are deactivated in a step 845 of 
Rg. 15. Subsequently, as shown In stsps 846 to 849, 
the sensors 12 are actuated one at a time acoording to 

ss a sequence starting from the sensor 12 located at the 
left end of a first row 1 3A of sensors (n B 1) and ending 
in the sensor 1 2 located at the right end of a second row 
1 3B of sensors (n s 20), while the sensors 12 other than 
the actuated sensor are being deactivated during the 

40 sequence. TTie speed of the sequential scanning has to 
be set sufficiently fast to accommodate the traveling 
speeds of human bodies. For exanple, the vicinily of 
100 Hz is preferable. 

With the operation in which twenty sensors 1 2 form- 

4S ing two rows 13A. 13B of sensors are actuated one at a 
time by the sequential scanning, the near-infrared ray 
emitted from the fight emitter 15of a sensor 12 and then 
reflected by a human body can be prevented from being 
incident on the fight receivers 1 6 of other adjoining een- 

BO sors 12. Thus the accurate output signals are read into 
signal processing means 19. In accordance with the fifth 
embodiment, accordingly, tlie tnavefing directions and 
number of traveling human bodies can be detected with- 
out malfunction of sensors 12, with a higher accuracy 

ss and with an improved reliability. 

m the second to fourth mbodiments. the distance 
varialion measuring sensors 12 or the distance measur- 
ing sensors 14 may be sequentially actuated in the 
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same way as itie fifth mbocSment. 
SIXTH EMBODIMENT 

Fig& 16A.Band17Dlustratea&ixtheiitedim8nt(^ 6 
the invention. 

As shown in Fig. 16A. B, four distance measuring 
sensors 14 are mounted together to a base Ixxiy 31 
mounted at the center of Ihe width of a oeiling 5 of a 
passage 1. The construcUon of a cfistance measuring io 
sensor 14 ramprises a Gght emitter IS and a lig|ht 
receiver 1 6 as same as the third embodiment. 

Ihe distance measuring sensors 1 4 are mounted to 
the base body 31 so that their detection areas 33a to 
33d extend from the ceiling 5 toward a floor 4 at a down- is 
waid angle to the left (in the leav^ direction). The ori- 
entations in which the distance measuring sensors 14 
are mounted are different relative to the center line N of 
the widths of the passage 1 . TTie detection areas 33a to 
33d of the four distance measuring sensors 14 are ^ 
spread like a fan or a sector at intervals generally of 15 
degree along the width of the passage 1 . 

TTie width e of the detection areas 33a to 33d of the 
distance measuring sensors 14 at a height correspond- 
ing to the shoulders or head of a human body 8 shown ^ 
In Fig. 16B is set at 20 cm smaller than Ihe breadth of 
the shoulders of a human body 8 (40 to 50 cm). 

TTie other arrangements of the sixth embodiment 
are the same as the first embodimenL 

TTie operation of the sixth embodiment wiD be so 
desaibed below. 

The operation of the sixth embodiment is the same 
as that of the third embodiment shown In the flow chart 
of Fig. 10 with the exception that the process of deter- 
mining the number of passers (Ihe step SI 30) is differ- as 
ent from the third embodimenL 

In the detenninalion of the number of passers in the 
sixth embodiment first, in a step 8145 of Rg. 18, Ihe 
number a* of the distance measuring seneors 14 which 
have detected a human body 8 for a predetermined 4o 
period or longer period of time is counted. Next, in a 
step SI 46, it is judged whether the number a* is not less 
than four. When a' is not less than tour, a ^ep S151 is 
executed, when a* is less than four, a step 8147 is exe- 
cuted. In the step 8151 . the number of passers is deter- 4ff 
mined as two. In the step 81 47, it is judged whether the 
number a* is not less than three. When a* is not lese 
tfian three, a step 8152 is executed and the number of 
passers is detennined as one. When a' is judged to be 
less than three in the step 8147. a step 8148 Is exe- so 
cuted. In ihe step 8148, it is judged whether the number 
a* is not less than twa When a* is not less than two. a 
step 8149 is executed. When a' is less than two, a step 
SI 50 is executed. In the step 8149, it is judged whether 
the two distance measuring sensors 14 which have 55 
detected the human bodies 8 for the predetermined 
period or tonger period of time adjoin or not. In the case 
that the sensors adjoia the step 8152 is executed. In 



the case ttat the smore do not acQoin. a step 8153 is 
executed. In the step 8150, it is judged whether the 
number a* is not less than one. When a' is not less than 
one. the step 8153 is executed. When * is less than one, 
a step 8154 is executed and it is judged that no human 
bodies have passed. 

The traveling drecUon b decided on the bads of the 
change in the outputs of the distance measuring sen- 
sors 14. That is, when the distance to a human body 8 
measured by a distance measuring sensor 14 
decreases with time, it is judged that the human body 8 
is moving in the entering direction designated by the 
arrow A1. On the other hand, when the distance 
increases with time, it is judged that the human body 8 
is moving In the leaving direction designated by the 
anow A2. 

in the sixth embodiment, the detection areas 33a to 
33d of the distance measuring sensors 14 are so 
formed as to represent a sector. As a result even 
human bodies forming a line laterally and human Indies 
passing continuously can be oorrecHy detected, and the 
number and traveling directions of passers can be 
detected with a high accuracy 

In addition, the apparatus can be snruUi in size and 
can be simplified because the four distance measuring 
sensors 14 are mounted together to the base body 31 
mounted at a positfon on the ceiling 5, as mentioned 
above. 

In the sixth embodiment five or more distance 
measuring sensors nay be provided. In this case, the 
angle between adjoining detection areas may be set 
namower so that the detection of human body by three 
distance measuring sensors for a predetBrmined period 
or tonger period of time leads to the judgment conclud- 
ing that one human body has passed. 

SEVENTH EIMBODIMENT 

Rgs. 19 and 20 illustrate a seventh embodiment of 
the invention. 

in the seventh emtxxiiment, four distance measur- 
ing sensors 14 are mounted to a base body 31 in the 
same way as the sixth embodiment. There is provided 
driving means 37 which rotates the base body 31 recip- 
rocately about an axis P extending along the vertical 
direction in response to a command from control means 
36. 

The detection areas 38a to 38d of the four distance 
meaajring sensors 14 are defined so as to extend at a 
downward angle to the left in the drawing, and the areas 
are oriented at Intervals of 1 5 degree along the width of 
a passage 1 so as to represent a sector. The overall 
dinrwnsion 8, along the width of the passage 1, of the 
detection areas 38a to 38d projected on a floor 4 is 
about one-half of the width W of the passage 1. Tlie 
width e of each detection area 38a-Q8d for one distance 
measuring sensor 14. measured at a height corre- 
sponding to the head to shoulders of an adult person, is 
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set at not more than 1 0 cm 60 as not to be greater than 
the breadth of the ehouiders of a human body (40 to SO 
cm). 

The olher ariangemenis of the ^venth embodn 
merit are the same as the sixth embodiment s 

The operation of the seventh embodiment will be 
described below. 

The driving means 37 rotates the base body 31 
reciprocately and continuoLisly between two positbns. 
At first positton, as shown In Rg. 20A. the detection 
areas 38a to 38d are defined over the half of the pas- 
sage 1 on the right side with respect to the width of the 
passage 1. At second position, as shown in Rg. 20B, 
the detection areas are defined over the half of the p^ 
sage 1 on the left side with respect to the width of the 
passage 1. That is, the b^e body 31 rotates recipro- 
cately through an arc 02 of 40 degree which is symmet- 
rical about the center line N of the widths of the passage 
1 . The speed at which the base body 31 rotates is set 
sufficiently fast to accommodate speeds of human bod- 
ies 8 passing the passage 1 . 

In the following description, angle positions 63 of 
the base body 31 and of the detection areas 38a to 38d 
will be defined relative to the slate shown in Rg. 20A in 
which the detection areas 38a to ^ are in the far-right 
position with respect to the width of the passage 1 . 

The operation of the seventh embodiment is the 
same as that of the third embodiment shown in Rg. 10 
with the exception that the practical processes in the 
steps S122, S125, 8126, S127, S129, and S130 of Rg. 
10 are different from the third emtxxJiment 

In the step SI 22 (of reading the output signals in 
the state without human bod^, the output serais of 
each distance measuring sen^ 14 are read while the 
driving means 37 rotates the base body 31. in the step 
S123, the distance Is calculatBd for each dstance 
measuring sensor 14 and for eadi of angle positions 93 
of 0 degree, 10 degree, 20 degree, 30 degree, and 40 
degree. 

In the step Si 25 (of reading the output signals of 
the distance measuring sensors), the driving means 37 
rotates the base body 31. WhOe the base body 31 and 
the detection areas 38a to 38d rotate from the angle 
position 83 of 0 degree (Rg. 20A) to the angle position 
03 of 40 degree (Rg. 20B) as illustrated by the arrow 
B1, the output signals of the distance measuring sen- 
sors 14 are read. While the base body 31 and the detec- 
tion areas 38a to 38d pivot from the angle position 03 of 
40 degree (Rg. 20B) to the angle position 83 of 0 
degree (Rg. 20A} as illustrated by the an^ow B2, the out- 
put signals of the distance measuring sensors 14 are 
not read. 

In the step SI 26 (calculation of distances), from the 
output signals of the distance measuring sensors 14 
read in the step 8125, the distance is calculated for 
each distance measurir^ senses* 14 and for each of the 
angle positions 03 of 0 degree, 10 degree, 20 degree, 
30 degree, and 40 degree. 



In the step Si 27. the distance calculated in the step 
S126 is compared with the distance in the state without 
human body calculated in the step 8123, for each dis- 
tance measuring sensor 14 and for ea^ of the angle 
positiors 03. In the case that the distance calculated in 
the step S126 is smaller than the distance in the state 
without human body bf not less than a predetermined 
value, it is judged that one or more human bodes have 
been detected. 

In the step SI 29 (decidon of traveGng direction), a 
change in the distance calculated in the step SI 26 is 
examined for each distance measuring sensor 14 and 
for each of the angle positions 03. When the distance 
calculated in the step SI 26 decreases with time, it is 
judged that one or more human bodies 8 are moving in 
the entering direction (in the direction of the arrow A1). 
While, when the distance calculated in the step SI 26 
increases with time, it is judged that one or more human 
bodies 8 are moving in the leaving direction (in the 
direction of the an-ow A2). 

In the step S130 (decision of the number of pas- 
sers), the processes shown In Rg. 21 are executed. In 
the processes of Rg. 21 , as shown in Rg. 22, eight dis- 
tance measuring seneore 14 are assumed to exist by 
the superimposition of the state in which the angle posi- 
tion a3 is 0 degree (Rg. 20A) on the state in which the 
angle position a3 is 40 degree (Rg. 208). 

In a step S60, the number p of the distance meas- 
uring sensors 14 which have detected a human body 8 
Ibr a predetemiined period or longer period of time is 
counted. Next, in a step 861, the numt>er of the dis- 
tance measuring sensors 1 4 of which at least one of the 
adjoining distance measuring sensors 14 have not 
detected any human body 8 for a predetermined period 
or longer period of time is counted, out of the distance 
measuring sensors 14 which have detected a human 
body 8 for the predetermined period or longer period of 
time. 

In a step S62, the difference IT between p and is 
calculated. 

In a step 863, whether is not less tfian eight is 
judged, when is not less than eight, it « judged that 
the number of passers is four In a step 870. 

In a step S64, whether fT is not less than seven is 
Judged, when p" is not less than seven, it Is the judged 
that the number of passers three in a ^ep 871. In a 
step S65, whether p*' is not less than six is judged. 
When fT is not less than six it is judged that the numbw" 
of passers is three in the step S71. 

In a step S66, whether a" Is not less than five is 
judged. Wh^ a*" is not less than f ive, it \s judged that 
the number of passers is determined as two in a step 
872. In a step S67, whether fT b not less than four Is 
judged. When a" is not less than four, it is judged that 
the number of passers is determined in the step 872. 

In a step S68, whether p" is not less than three is 
Judged. When P" is not less than three, it is judged that 
the nunfoer of passers is one in a step 873. In a step 
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869, whether ft* is not less lhan two is judged. When p" 
is not less than two^ it is judged that the number of pas- 
sers one in the step S73. When is Judged to be less 
than two in the step 869, it is judged, ina step 874, that 
no human bodies have passed. 5 

In the embodiment, as mentioned above, the base 
body 31 to which four c&tance measuring sensors 14 
are mounted with the orientations of their detection 
areas 38a to 38d differing s mounted to the ceiling 5 
and, by the pivotal motion of the base body 31, the io 
movement of one or more human bodies 8 <^ be 
detected over the whole width of the passage 1 . As a 
result in the same manner as the sixth embodiment, 
even human bodies forming a line laterally and human 
bodies passing continuously can be con-ectly detected, is 
and the number and traveling directions of passing 
human bodies can be detected with a hi^ accuracy 
and with a high degree of reliability. 

EIGHTH EMBODIMENT 20 

The construction of an eighth embodiment such as 
the arrangement of distance measuring sensors 14, is 
the same as the sixth entxxliment shown In Rg. 16 
except for the way of reading the outiXJt signals of dis- ss 
tance measuring sensors 14 (step SI 25 of Rg. 10). 

That ie, in the eighth eihbodiment four distance 
measuring sensors 14 are actuated one at a time 
sequentially from the far-left or iar-right distance meas- 
uring sensor 14 at a rate of 10 kHz, in the ome manner 30 
as the fifth emtxxiiment 

With the operation in which four distance measur- 
ing sensors 14 are actuated one at a time sequentially, 
the near-infrared ray emitted from the light emitter 15 of 
a distance measunng sensor 1 4 and then reflected by a ss 
human body 8 can be prevented from being IncUent on 
the light receivers 16 of other adjoining distance meas- 
uring sensors 14. As a result, the malfunction of the dis- 
tance measuring sensors 14 can be prevented and the 
traveling directions and number of traveling human bod- 4o 
ies can be detected wHh a higher accuracy and with a 
high degree of reliability 

Such sequential actuation may be introduced into 
the seventh embodiment The rate of the sequential 
actuation is not limited to 10 kl-b but has only to bs suf- 4s 
f iciently fast with respect to traveling speeds of human 
bodies. 

NINTH EMBODIMENT 

SO 

Figs. 23 to 25 illustrate a nMh embodiment of the 

invention. 

An elongated base body 40 extending along the 
width of a passage 1 is mounted to a ceiling 5 of the 
passage 1, and three infrared sensors 42 are mounted ss 
to the base body 40 at unifonn inten^ls f (60 cm). 

As shown In Rg. 25, the infrared sensor 42 is a 
pyroelectric infrared sensor comprising eight pyroelec- 



tric elements 44 each shaped in an elongated rectangu- 
lar parallelepiped and a lens 46. In front of the lens 46 a 
choppers 47 is providect which intermittently intercepts 
the infrared ray incident i|»>n the lens 46. TTie dioppers 
47, fixed to one end of a shaft 48, are driven and rotated 
by a brushiess motor 49 coupled to the other end of the 
shaft 48. The infrared sensors 42 are considerably 
small in sae. 

Each infrared sensor 42 is mounted with the lens 46 
and choppers 47 fadng a floor 4 so that a detection area 
50 in which the infrared radiation emitted by a human 
body 8 can be detected is defined so as to extend in a 
downward direction. 

Each infrared sensor 42 Is mounted so that the 
direction in which the eight pyroelectric elements 44 are 
arranged (the directione designated by the arrow C in 
Rg. 25} is the same as the direction in which human 
bodies 8 pass. The detection area 50 of ea<^ infrared 
sensor 42 is spread over 4.5 degree range along the 
width of the passage 1 and over 70 degree range along 
the direction in which the passage 1 extends. That Is, 
the detection area 50 is defined so as to tie narrow with 
respect to the width of the passage 1 and so as to be 
wide wHh respect to the direction in which the passage 
1 extends. 

The infrared sensors 42 are provided at unHbrm 
intervals f of 60 cm in the passage 1 having a width W 
of 210 on. Accoidingiyp the intervals between side walls 
6, 7 and the detection areas 50 are between 40 and 50 
cm. As a result sven one or more human bodies 8 
passing through both end sections of the widtte of the 
passage 1 are reliably detected by the infrared sensors 
42. 

To the side walls 6, 7 on the left and right sides of 
the passage i are mounted a pair of distance measur- 
ing sensors 14 so as to be opposed to each other. A 
detection area 52 of each of the distance measuring 
sensors 14 horizontally extends across the passage 1. 
The height of the cEslance measuring sensors 14 from 
the floor 4 is set at a height corresponding to the shoul- 
der position of an adult person. 

As shown in Fig. 23, the three infrared sensors 42 
are connected to judging means 56 via a repeating box 
54 and via a signal processing circuit 55. The distance 
measuring ser^rs 14 are connected to judging means 
59 via a signal processing circuit 58. Display means 61 
is connected to the judging means 56, 59 via means 60 
for cheddng determination results. 

Refening to Rg. 26A and 26B, the operation of the 
ninth embodiment will be described. 

In Rg. 26A and 26B, steps S81-93 for processing 
the output signals of the infrared sensors 42 and steps 
895*105 for processing the output signals ol the dis- 
tance measuring sensors 14 are exeojted in parallel. 

In the step S81, the infrared sensors 42 are achj- 
ated. m the step S82, every parameter is set. Subse- 
quently, the output signals of the infrared sensors 42 in 
the state without human body, l.e., the output signals 
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indicating the intensHies of infrared ladatiortt emitted 
by the surface of the floor 4 as tsackgrouni are read into 
the signal processing circuit 55 for a predetermined 
pertod of time (step 883). 

In the step 884, the signal proc^ng dmjoli 55 
convrerts the outputs of the infrared sensors 42 from 
analogue form into digital form. Then, the dgnal 
processing circuit 55 calculates the average intensity of 
the background radiation as a reference value, and 
upper and lower threshold values devialirq from the ref- 
erence value by a predetemiined value. In the st^ S8S, 
a flag F3 is set at the initial value "0." 

In the step S86, the output signals of the infrared 
sensors 42 are read into the signal processing drcuit 
55. In the step S87, three-valued processing is per- 
formed on the signals. 

In the step SB7, the processes as shown in Rg 27 
are pertomied on the output signal of each pyroelectric 
element 44 of each infrared sensor 42. 

When the output of a pyroelectric element 44 is not 
lower than the upper threshold value in a step S110, 
three-valued data Is set at T in a step S1 1 2. When the 
output is lower than the upper threshold value in the 
slep 8110. a step 81 Ills executed. When the output of 
the pyroelectric element 44 is not higher than the lower 
threshold value in the step 81 11 , three^ued data is 
eel at "-r in a step 8113. When the output is higher 
than the lower threshold value in the step 81 11 , three- 
valued data is set at "0" in a step 81 14. 

In a step 81 15. the change in the three- valued data 
Is searched Ibr, wHh regard to each pyroelectric element 
44 of each infrared sensor 42. More specifically, for 
each pyroelectric element 44, the three-valued data cal- 
culated in the step 887 in the last processing is com- 
pared with the three-valued data calculated in the step 
887 in the present processing, and thereby It Is Ridged 
whether three-valued data has varied (from "1" to "0," 
from "0" to "1 from " to "0," or from "0" to "-1 ") or not 

In the step 888, when three-valued data of any 
pyroelectric elements 44 of any infrared sensors 42 is 
"1" or "-1 it is judged that one or more human bodies 
have been detected, and then the step 889 is executed. 
In the step 888, when every output of the pyroelectric 
elements 44 of the infrared sensors 42 is ^'O," it is judged 
that no human bodies 8 have been detected, and then 
the step 890 is executed. 

In the case that the flag F3 is "0" in the step S89, 
the flag F3 is set at "1" in the step 891 and then the 
operation goes back to the step 886. In the step 889. 
when the flag F3 is not "0/ the operation goes back to 
the step 886 without the reeet of the flag F3. On the 
other hand, In the case that the flag F3 is "0" in the step 
890, the operation goes back to the step 882. In the 
step 890. when the flag F3 is not "0," the step 892 is 
executed. 

In the case that the state without human body has 
continued since the actuation of the apparatus, the 



operation shifts from the step 888 to the step 890 and 
then goes badi to the step 882 because the flag F3 
remains at the Initial value ''O." After that the processes 
from the step 882 to the step 890 are repeated until any 

5 human bodies are detected. 

When any human bodies 8 enter the detection 
areas 50 of any Infrared sensors 42 after the oontinua- 
ton of the state without human body, it is judged In the 
step 888 that one or more human bodies have been 

10 detected, and the step 889 is exeojted. In this case, the 
operation shifts from the step 889 to the step 891 
becaiffie the flag F3 remairs at the initial value "0," and 
the flag F3 is set at "1". M& that, the operation goee 
back to the step 

15 8ifosequently, the processes of tiie steps 886 to 
889 are repealed as tong as it is judged in the step 888 
that one or more human bodies have been detected. 

As mentioned above, when it is judged in the step 
888 that one or more human bodies havs been 

20 detected, the operation returns to the step 886 without 
returning to the step 882. As a result the reference 
value and the upper and lower threshold values calcu- 
lated in the step 887 are maintained without being 
updated as long as one or more human bodies 8 are 

25 detected. 

When the human bocfies 8 have completely passed 
away, it is judged in the step 888 that no human bodies 
are detected, and the step 890 is executed. In this case, 
the operation shifts from the step 890 to the step S92 

30 becausethefiagFShasbeenseiat'l.* 

In the step 892, the traveCng directfon of human 
body is decided. 

Fig. 28 Illustrate examples in which the traveling 
direction can be detected tor one infrared sensor 42. In 

35 the exanples (1) to (19). the horizontal direction repre- 
sents the posHions of pyroelectric elements 44. while 
the vertical direction represents the progress of time 
Ci.e., steps in which an infrared sensor 42 chops an 
infrared ray inckfent tiiereon). In Rg. 28, tiie symbol ■ 

40 represents a point at which three-valued data is "1 " or 
r. The symbol O represents a point at which three- 
valued data is "0." The points ■ and O retrieved 
from the poirrts at which the change in three-valued d^ 
has been detected in tiie step 81 15 of Fig. 27. In Rg. 

45 28. the symbol ▲ represents a point at which three-val- 
ued data of ""O" has been detected In the process of 
searching. In the case that as shown in the examples, 
a point at which three-valued data is or ^'-r has con- 
tinuously moved over not lees ttian three pyroelectric 

50 elements 44, the traveling direction of the human body 
8 can be dedded. For example, the example (1) indi- 
cates tiiat a human body has moved in the direction 
pointing from the device on the left side of the drawing 
to the device on the right side. 

55 In the step 893. the number of passers is esti- 
rrated. 

Rg. 29 Illustrates an example of the outputs of two 
adjoining infrared sensors 42. The horizontal direction 
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Of Rg. 29 represents the positions of pyroelectric ele- 
ments 44, i.e., the positions of human bodies 8 with 
respect to Ihe direction in which the passage 1 extends. 
The verticai direction of Rg. 29 represents steps of 
chopping, Is., Itie progress of tim& tn the case that the 
concurrent entrance of human bodies 8 into the detec- 
tion areas of two infrared sensors 42 is detected as in 
Fig. 29, it is judged that the numl3er of passers is one. 

In the step S95. on the other hand, the distance 
measuring sensors 14 are actuated. Subsequently, In 
the step S96, the outputs of the distance measuring 
sensors 14 in the state without human body are 
grabbed into the signal processing circuit 58 and the 
distances in the state without human body are thereby 
calculated. In the step S97, the value of a flag F4 is set 
at the Initial value X/* 

In the step S98, the outputs of the distance measur- 
ing sensois 14 are read into the signal processing cir- 
cuit 58. When the distance measuring sensors 14 are in 
the OFF slate in the step S99, it is judged that no human 
bodies have passed, and the step 8100 is executed. In 
the step S100, it is judged whether the flag F4 is 0 or 
not TTie flag F4 remains at the initial value **0* until any 
human bodies 8 are delected, and the operation then 
goes back from the step S1 00 to the step S98. 

When one or more human bodies 8 enter the detec- 
tion areas 52 of any cfistance measuring sensors 14, it 
is judged in the step S99 that one or more human bod- 
ies have been detected, and the step S101 is executed, 
in the case tl^ after the continuation of the non<Jetec- 
tion of human body, any human bodies have been 
detected for the first time in the step 899 presently exe- 
cuted, the operation shifts from the step S101 to the 
step S102 because the flag F4 remains at the initial 
value "0" as mentioned above, and the flag F4 is set at 

After that, the operation goes to the step S98. 

When the human bodies 8 have completely passed 
the detection areas 52, the operation shifts from the 
step S100 to the step 8103. In the step 8103, the dis- 
tance from each distance measuring sensor 14 to the 
human bodies 8 is measured on the basis of the output 
signals Irom each distance measurir^ server 14 read in 
the step 898. 

In the step 8104, the width of the human txxlies is 
calc^ated in the same way as the third embodiment. 

In the step 81 05, the number of passers is decided 
on the basis of the width of the human bodies calculated 
in tiie step 8104. This estimation of Ihe number of pas- 
sers is carried out in the same way as the determination 
of the numlrar of passers In the third erTi)odiment 
shown in Rg. 10. 

In a step Si 06, the means 60 for checking determi- 
nation results oompares the traveling direction and 
number of passers which have been deoded on the 
basis of the output signals of the infrared sensors 42 in 
the step 892, 93 with the number of passers wf^ has 
been determined on the basis of the output signals of 
the distance measuring sensors 14 in the step 8105. 



When the former and latter results of determimttion do 
not coincide with eac^ other, it is judged that the 
traveling direction cannot be detenmined or that the 
number of passers cannot be determined. 

5 In a step 8107, display imsns 61 displays the 
number of passers as that of those who have entered 
and as that of those who have left, separately. 

In the ninth embodiment, as mentioned above, the 
traveling direction of one or more human bodies 8 is 

10 determined and the numtser of pas^rs is estimated 
with the pyroelectric infrared sen^rs 42 provided on the 
ceiling 5 of the passage 1 . Besides, the number of pas- 
sers is determined with the distance measuring sensors 
14 mounted to the side walls 6, 7 of the passage. Fur- 

15 ihermore, the number of passers determined on the 
basis the output signals of the infrared sensors is 
compared with the number of passers determined on 
the basis of the output signals of the distance mrasur- 
ing sensors. In accordance with the arrangement of the 

20 ninth embodiment, therefore, the number and traveling 
direction of passing human bodies can be detected with 
a high accuracy and with a high degree of reliability. 
More specifically, in accordance with the anangement 
of the ninth embodiment, the detectivrly on the number 

25 of passers, which has been not more than 80 % conven- 
tionally, can be increased to not less than 95 %. 

The above en fc o d im eni s are intended to monitor 
the number and traveling directions of human bodies 
passing a specific area on a passaga However, the 

90 present invention is not Bmited to the emtxxJiments but 
may be applied to the monitoring of the doonfvay or the 
like of a vehicle such as train, a building such as exhibi- 
tion hall, movie theater and store, or a room. 

In the first to ninth embodiments, the distance 

35 measuring sensors or infrared sensors to be mounted to 
the celling of a passage are primarily mounted to one or 
more base bodies. However, the distance measuring 
sensors or infrared sensors may be disposed in one or 
more recesses provided on the ceiling. 

40 As evident from the above description, an appa- 
ratus for detecting the number of passers in accordance 
with the invention is capable of detecting with a high 
accuracy the number and traveling directtons of human 
bodies passing an area to be monitored, and has a high 

45 reliability With the use of the apparatus for detecting the 
number of passers of the Invention, accordingly, the 
detection and judgment can be performed on the 
human bodies entering and leaving a vehkde such as 
train, a building, a room or the like. Thus, with the use of 

so the apparatus of the Inventton the accurate number of 
visitors, ratio of the number of passengers or visitors to 
capacity, or the like can be detected. Consequently, the 
apparatus of the invention will contribute much particu- 
larly to the realization of a comfortable intelligent build- 

55 ing systera 

In the anangement in which the traveling direction 
of one or more human bodies is detected with sensors 
for measuring variation in distance or distance measur- 
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ing sensors, the manufacturing a>sl or the like of such a 
sensor is relativety low and the detectnnty of such a sen- 
sor is relatively high, because the distance measuring 
sensor comprising a l^ht enrvtler and a light receiver is 
small in siza 5 

In accordance with the anangement in which a plu- 
rality of sensors for measuring variation in distance or 
distance measuring sensors are integrated together, the 
apparatus can be made small in size. 

In aocordanoe with the anangement In which a plu- to 
rality of sensors for measuring variaticn in cfistance or 
distance measuring sensors are sequentially actuated 
one at a time, the number of passers can be detected 
with a high accuracy and with a high degree of reliatnlity, 
because the radiation emitted by the adjoining sensors is 
for measuring variation in distance or a^oining distance 
measuring sensors and thai reflected is prevented from 
being received. 

In accordance with the arrangement comprising 
distance measuring sensors and infrared sensors, the so 
number of passers can be detected with a higher accu- 
racy and with a high degree of reliability by the compar- 
ison between the number and traveling direction of 
passers which have been determined on the basis of 
the output signals of the infrared sensors and the 29 
number of passers which has been determined on the 
basis of the output signals of the distance measuring 
sensors. 



measured by a elisor included in another row of 
sensors. 

2. An apparatus for detecting the number of passing 
human bodies as claimed in daim 1, wherein the 
intervals between the sensors for measuring varia- 
tion In distance which constitute each of the rows of 
sensors are not less than 20 cm and not more flwi 
40 cm. 

3. An apparatus for detecting the number of passing 
human txxiies as claimed in daim 1, wherein 
angles wfrich the detection areas of the sensors for 
measuring variation in distance form with a vertical 
direction are different for each row of sensors. 

4. An apparatus for detecting the nunft)er of passing 
human bodies as claimed in claim 3, wherein the 
sensors for measuring variation In distance which 
constitute the pIuraTity of rows of sensors are 
nmunted to one base body 

& An apparatus for detecting the number of passing 
human bodies as daimed in any one of clains 1 to 
4, wherein the plurality of sensors tor measuring 
variation in distance are actuated sequentially in a 
predetermined order and at predetermined time 
bitervals. 



Claims . 30 

1. An apparatus for detecting the number of human 
bodies passing a specific area to be monttorad, the 
apparatus comprising a plurality of distance varia- 
tion measuring sensors provided on a cefling of the ss 
area to be monllored, each sensor having a light 
emitter and a light receiver and each sensor being 
capat)le of measuring a rate of change relative to 
time in (Sstance to the human bodies; 

the rows of sensors being arranged in a 40 
orthogonal direction to a direction In which the 
human bodies pass and spaced apart in the drec- 
tion in which the human bodies pass; 

a detection area of each sensor being 
defined so as to extend from the ceiling to a floor In 4S 
the area to be monitored, and focus of each sensor 
being set at a height con'eeponding to a height of 
the shoulders to head of an adult person; 

whereby the number of passing human bod- 
ies is deteded on the basis of the number of the so 
sensors which have detected the human body in 
each row of sensors; 

and whereby the travelbig directton of the 
human bodies is detected by the comparison 
between a rate d change relative to time in the die- ss 
tance to the human bodies measured by a sensor 
included in a row of sensors and a rate of change 
relative to time in the distance to the human bodies 



6. An apparatus for detecting the mrrber of human 
bodies passing a spec^ic area to be monitored, the 
apparatus compri^ng a plurality pairs of distance 
measuring sensors provided on the both side walls 
of the area to be monitored, each pair of distance 
measuring sensors toeing provided so as to be 
opposed to each other, each distance measuring 
sensor having a light emitter and a light receiver 
and being capable of measuring the distance to the 
human tXKiies; 

the pairs of distance measuring sensors 
forming a plurality of lines spaced apart vertically 
and a plurality of lines spaced apart in a direction in 
wMch the human bodies pass; 

whereby the number of passing human bod- 
ies is detected on the basis of the distances lo the 
human bodies measured by the distance measur- 
ing sensors; 

and whereby the traveling direction of the 
human bodies is detected m the basis of a chrono- 
logical order of the detection of the human bodies 
by the distance measuring sensors. 

7. An apparatus for detecting the number of human 
bodies passing a specific area to be monitored, the 
apparatus comprising a plurali^ of distance meas- 
uring sensors, each distance measuring sensor 
having a light emitter and a light receiver and being 
capat)le of measuring the distance to the human 
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bocfiee; 

each distance measuring sensor being 
nfiounted to one given location on a c^iDng of the 
area to be monitored eo that detection area of the 
distance measuring sensor extends at a downward 5 
angle to the horizontal direction; 

the detection areas of the distance measur- 
ing sensors being oriented at a different angle with 
a direction in which the human bodies pass from 
each other so that the plurality of detection areas 
represent a sector spread along a orthogonal direc- 
tion to the direction In which the human bodies 
pass; 

whereby the number of passing human bod- 
ies is detected on the basis of the number of the 
distance measuring sensors which have deeded a 
human body; 

and whereby the traveling direction of the 
human bodies Is detected on the basis of the dis- 
tance to the human bodies measured by the dis- 
tance measuring sensors. 

8. An apparatus for detecting the number of passing 
hunrtan bodies as claimed In daim 7. wherein the 
plurality of distance measuring sensors are 
mounted together to one base body. 

9. An apparatus for detecting the number of passing 
human bodies as claimed in daim 8, further com- 
prising driving means which rotates the base body 
redproGBtely and continuously atsout a verlicai axis. 

10. An apparatus for detecting the number of passing 
human bodies as daimed in any one of daims 7 to 
9, wherein the width of the detection area of each 
distance measuring sensor at a height correspond- 
ing to the height of shoulders to head of an adult 
person is not more than 40 cm. 

11. An apparatus for detecting the number of passing 
human bodies as daimed in any one of claims 7 to 
9, further comprising means for judging that one or 
more human bodies have passed when two or more 
cGstance measuring sensors have detected any 
human bodies. 

12. An apparatus for detecting the number of passing 
human bodies as daimed in any one of claims 7 to 
9, wherein the plurafity of distance measuring sen- 
sors are actuated sequentially in a predetermined 
Older and at predetemfdned time interval& 

13. An apparatus Ibr detecting the number of human 
bodies passing a specific area to be monitored, the 
apparatus conprislng a plurality of infrared sensors 
each having a plurality of elements for detecting 
Infrared radiation and a pair of distance measuring 
sensors which have a light emitter and a light 



reiver and which are capable of measuring the 
distance to the human bodies; 

the infrared sensors being mounted to a ceil- 
ing of the area to be monitored and disposed along 
a orthogonal direction to a traveling direction of the 
human bodies, each infrared sensor mounted so 
that the elements are disposed along the traveling 
direction of the human bodies; 

the pair of distance measuring sensors 
being ntounted to both sides walls of the area to be 
monitored, so as to be opposed to each other; 

whereby the number of passing human bod- 
ies is detected on the basis of the distances to the 
human bodies measured by the distance measur- 
ing sensors; 

and whereby the traveling drection of the 
human bodies Is detected on the basis of a chrono- 
logical order of the detection of the human bodies 
by the elements In each infrared sensor. 

14. An apparatus for delecting the number of passing 
human bodies as daimed in claim 13, wherein the 
width of the detection area of each infrared sensor 
and the spacing between the detection areas at a 
height corresponding to the height of shoulders to 
head of an adult person is not mors than 40 cm. 

1& An apparatus for detecting the number of passing 
human bodies as claimed in daim 13 or daim 14, 
. further comprising: means for calculating a refer- 
ence value by averaging the outputs of the infrared 
sensors in the slate without human body and upper 
and lower threshold values deviating from the ref^- 
ence value by a predetermined value; 

and means for judging that one or more 
human bodies have been detected when the out- 
puts of one or more of the devices in each infrared 
sensor are not lower than the upper threshold value 
or not higher than the low^ threshold valua 

16. An apparatus for detecting the number of passing 
human bodies as daimed in daim IS, wherein 
means for judging holds the reference value and 
the upper and lower threshold values when one or 
more human bodies are detected, and updates the 
reference value and the ipper and lower threshold 
values when no human bodies are detected. 

17. An apparatus for detecting the number of passing 
human bodies as daimed In daims 16, 

wherein the means for judging detects the 
traveGng direction of the human bodies in the case 
that the location of the element which has detected 
the human bodies has sftifted continuously over 
ttvee devices. 
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